Part 1 - Basic | nterferometersfor
Optical Testing

« Two Beam Interference
* Fizeau and Twyman-Green interferometers

e Basic techniquesfor testing flat and
spherical surfaces

 Mach-Zehnder, Scatterplate, and Smartt
|nterferometers

e Shearing Interferometers
e Typical Interferograms
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Two-Beam Interference Fringes

I :|1+|2+2\/ 1 ZCOS(al_GZ)

a, — a, isthe phase difference between
the two interfering beams

IT
a -a,= (27)(optical path difference)
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Sinusoidal I nterference Fringes
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Classical Fizeau | nterferometer
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Typical Interferogram Obtained
using Fizeau | nterferometer
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Relationship between Surface
Height Error and Fringe Deviation
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Fizeau Fringes
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Fizeau Fringesfor Concave
and Convex Surfaces

CONCAVE SPHERE CONVEX SPHERE

Thick Part > ¢ Thin Part
of Wedge @) (@ of Wedge

Reference Reference
Flat =~ ' ' & Flat
Test wPpr < Test
Sample Sample

1998 - James C. Wyant Part 1 Page 8 of 43




Twyman-Green I nterferometer
(Flat Surfaces)
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| nter fer ogram
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Twyman-Green Interferometer
(Spherical Surfaces)
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Typical Interferogram
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Fizeau | nterferometer-L aser Source
(Flat Surfaces)
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Fizeau | nterferometer-L aser Source
(Spherical Surfaces)
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Testing High Reflectivity Surfaces
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Mach-Zehnder Interferometer

Beamsplitter

esting samplesin transmission
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L aser Beam Wavefront M easur ement

Reference Arm

Detector Array
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Scatterplate Interferometer Setup
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Scatterplate %
(near center of curvature
I nter ferogram of mirror being tested) _ _
Mirror being
Four terms Tested
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M croscopic | mage of Scatterplate
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Scatterplate Interferometer
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Scatterplate I nterferograms
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Smartt Point Diffraction

| nter fer ometer
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L ateral Shear Interferometry

M easur es wavefront slope

A >
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L ateral Shear Fringes

AW(x,y) is wavefront being measured

Bright fringe obtained when
AW(X + AX,y) — AW(X,y) = mA

VY, g s 050 =

Average ov
shear distance

M easur es aver age value of
slope over shear distance
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Collimation M easur ement

No wedge in shear plate

C

Not collimated Collimated (onefringe)

Vertical wedge in shear plate

Not collimated Collimated
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Typical Lateral Shear Interferograms
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| ateral Shear |nterferometer

Two-frequency grating Two sheared
placed near focus Images of exit
pupil of system
Source under test
L ens under Two diffracted
test cones of rays at
dightly different

angles

M easur es dope of wavefront, not wavefront shape.
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|nterferogram Obtained using
Grating Lateral Shear Interferometer
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Rotating Grating L S|
(Variable Shear)
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Shearing I nterferograms
(Different Shear)
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Radial Shear Interferometry

Wavefront isinterfered with expanded

version of itself

Elinva

Radial Shear =R =
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Analysis of Radial Shear
| nterferograms

Wavefront being measured
AW (p, ) = Woz00? + Woago? +Wiz103cos 8 + Waop02 cos? 6

Expanded beam can be written

AW(Rp, 8) = Woz0(Rp)2 + Woao(Ro)4 + Waz1(Ro)3cos 6
+Wh2o(R0)2 cos? 6

Hence, abright fringe is obtained whenever
AW(p, 6) — AW(Rp, ) = Woz002(1 - R2) + Woa04(1 - R2)
+Wi31,03(1— RB) cos @ + Wapo02(1— R2) co? 6

Same as Twyman Green if divide each coefficient by(1- R")
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Radial Shear Interferogram

e Variable Sengitivity Test

—Large shear - results same as
for Twyman-Green

—Small shear - L ow sensitivity
test
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|nterferograms, Spherical Aberration
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| nterferograms
Small Astigmatism, Sagittal Focus
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| nterferograms
Small Astigmatism, M edial Focus
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|nterfer ograms, L arge Astigmatism,
Sagittal Focus, Small Tilt
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|nterferograms, Large Astigmatism,
Medial Focus, Small Tilt
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|nterferograms
Small Coma, Large Tilt
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|nterferograms
L arge Coma, Small Tilt
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|nterferograms
Large Coma, Large Tilt
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|nterferograms
Small Focal Shift
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|nterfer ograms
Combined Aberrations

Sph + Coma
+ Astig

All wavefronts have

1 A rmsdeparture
— _ from best-fitting
Astig Coma+Astig  rofar ence sphere.
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